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Description 

IMAGE FORMING APPARATUS AND IMAGE FORMING METHOD 
Technical Field 

[0001] The present invention relates to an image forming apparatus and 

an image forming method, wherein a toner image is formed as a patch image 
and operating conditions are adjusted based on a density detection result of the 
patch image. 

Background Art 

[0002] The image forming apparatuses, such as copiers, printers, and 

facsimiles, applying electrophotographic technology, may encoimter image 
density variation of a toner image due to individually different characters of 
apparatuses, variation over time, changes of conditions surrounding the 
apparatuses which include temperature, moisture, and the like. Heretofore, a 
variety of technologies have been proposed for the purpose of ensuring a stable 
image. Among these technologies, for example, is technology in which a small 
test image (patch image) is formed on an image carrier and the operating 
conditions are optimized based on the density of the patch image. In this 
technology, in order to ensure a stable image quality, the operating conditions 
are optimized at a predetermined timing. For example, in order to minimize 
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density fluctuation stemming from toner property variation over time, the image 
forming apparatus described in the patent document #1 memorizes the 
parameters that indicate the status of toners in a developer and executes a 
readjustment of operating conditions every time when a parameter reaches a 
predetermined threshold value. 

[0003] Patent Document 1: Japanese Patent Application Laid-Open 

Gazette No.2004.1 77928 

Disclosure of the Invention 

Problems to Be Solved by the Invention 

[0004] Quality of image that is formed in this kind of apparatus may 

fluctuate due to mmierous factors other than the aforementioned variation in 
toner properties in the developer. For example, charge property of a latent 
image carrier may change over time with a progression of contamination and 
deterioration of a latent image carrier that is disposed to carry electrostatic latent 
image and a charger unit which charges the latent image carrier. These changes 
in property cause fluctuations in image quahty. The apparatuses applying 
aforementioned conventional technologies are not suitable to the aforementioned 
fluctuations, thereby leaving opportunities for improvement in image quality. 



Means for Solving the Problems 
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[0005] The present invention is designed to tackle the aforementioned 

challenges, with the objective of providing an image forming apparatus and 
image forming method that is capable of forming image with stable image 
quality. 

[0006] According to the present invention, to achieve the above- 

mentioned object, an image forming apparatus comprises: an image forming 
section which includes a latent image carrier which is constructed to carry an 
electrostatic latent image and a charger unit which charges the latent image 
carrier to a predetermined surface potential, wherein an electrostatic image, 
which is formed on a surface of the latent image carrier, is developed with toner 
to form a toner image; and a controller unit which performs an adjusting 
operation to adjust operating conditions of the image forming section based on a 
density detection result of a toner image which is formed by the image forming 
section as a patch image, wherein the controller unit has a characteristics of 
determining execution timing of the adjusting operation based on timing 
information related to variation over time in charge property of the latent image 
carrier. 

[0007] Also, the image forming method in the present invention relates 

to the image forming method for use in an image forming apparatus which 
comprises: a latent image carrier which is constructed to be carry an electrostatic 
latent image; and a charger unit which charges the latent image carrier to a 
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predetemimed surface potential, and which develops an electrostatic image, 
which is formed on a surface of the latent image carrier, with toner so as to form 
a toner image, to achieve the above-mentioned object, in the method, the toner 
image is formed as a patch image at timing that is determined based on timing 
information associated with variation in charge property of the latent image 
carrier that is charged by the charger imit, which has a characteristic of 
adjusting operating conditions based on a detected density of the toner image. 
[0008] According to the present invention, "charge property" is an 

indicator that indicates a status of charge (charge potential and its uniformity 
within the surface) the latent image carrier gets as a result of operating the 
charger unit at a certain operating condition to charge the latent image carrier. 
The term "charge property" means a concept that embraces the characters 
inherent to each individual latent image carrier and charger unit, the change in 
performance due to contamination during usage, as well as the change in charge 
status in the latent image carrier caused by the combination of the above. 
[0009] The term "timing information" according to the present invention 

refers to any parameters that describe directiy or indirectiy the charge property 
that changes over time. For example, the information on remaining service life 
of the latent image carrier or charger unit can be used as such parameter. More 
specifically, it is possible to count up workload or operation time of the latent 
image carrier or the charger unit and use the integrated value as timing 
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information. Also, when charge property can be estimated based on the 
workload of other components of the apparatus, such workload can be used as 
timing information. 

[0010] Operating condition can be adjusted at any necessary timing 

according to the condition of each individual component of the apparatus as well 
as the aforementioned timing, for example, immediately after the power of the 
devise is turned on, inunediately after recovery from sleep, etc. In this case, 
the operation process can be differentiated between the adjusting operation 
triggered by the timing information and the adjusting opCTations executed at 
other timings. The reason is; while it is difficult to predict the condition of the 
apparatus and its surrounding environment immediately after turning of the 
power supply or recovery from sleep, it is possible to predict over-time change 
in the charge property to some degree. 

[0011] Further, in the image forming apparatus that comprises the 

charger unit with discharging electrode disposed close to the surface of latent 
image carrier, the arrangement can be made to control charge property of the 
latent image carrier by adjusting the amount of the current that is supplied to the 
discharging electrode based on the timing information, as well as to perform the 
adjusting operation when the amount of current is changed. 
[0012] Further, in the image forming apparatus, wherein the charger unit 

comprises an electrode member loaded with predetermined charge bias and a 
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high-resistance layer that is disposed to cover the surface of the electrode and 
wherein the latent image carrier is charged while the high-resistance layer 
abutting the latent image carrier, the arrangement can be made for the controller 
unit to control charge property of the latent image carrier by adjusting the 
aforementioned charge bias based on timing information as well as to perform 
an adjusting operation when the aforementioned charge bias is changed. 

Effects of the Invention 

[0013] According to the present invention, the operating conditions of 

the apparatus are adjusted at an appropriate timing corresponding to the change 
in the charge property of the latent image carrier which is caused by the charger 
unit. Hence, the images can be formed at a stable image quality. For example, 
the arrangement can be made to perform an adjusting operation when the timing 
information reaches a predetermined threshold value. 

[0014] Further, when the operation process is differentiated between the 

adjusting operation triggered by the timing information and the adjusting 
operation triggered by other factors, the operation can be better optimized. For 
example, the process of the adjusting operation that is triggered by the timing 
information can be more simplified than that of the adjusting operation that is 
performed at other timings. By doing this, the adjusting operation can be 
completed in shorter time, and toner consumption during the adjusting operation 
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can be minimized. 

[0015] Further, there is an apparatus, wherein a discharging electrode is 

disposed close to the surface of the latent image carrier and the amount of 
current supplied to the discharging electrode is adjusted based on timing 
information. In the apparatus, the charge property changes in accordance with 
the change in the amount of current supplied to the discharging electrode. 
Therefore, adjusting the operating conditions of the apparatus whenever the 
amoimt of current is changed will make it possible to minimize fluctuation in the 
image quality before and after the change in the amount of current. 
[0016] Further, the present arrangement will deliver the following 

benefits. An apparatus, wherein current is discharged to the discharging 
electrode to charge the latent image carrier, faces the challenge of minimizing 
the amount of current for the purpose of minimizing ozone amount which is 
entailed by electrical discharge. However, the amount of current too low may 
entail a risk of causing charge defect in the latent image carrier when the charge 
property drops due to deterioration in the latent image carrier, contamination in 
charger unit, etc. In order to resolve this problem, it is desirable to keep initial 
amount of current low and gradually increase the current as charge property 
changes over time. However, merely changing the amount of current may still 
allow the aforementioned fluctuation in image quality before and after the 
change. Hence, readjusting operating conditions of the apparatus whenever the 
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amount of cvuxent is changed can prevent such fluctuations in the image quaUty. 
This arrangement will make it possible to obtain images at stable image quality 
while controlling excessive current that will result in the generation of ozone. 
Also, it is possible to predict, to some degree, variation in charge property 
resulting from increase/decrease in the amount of current that flows to the 
discharging electrode. Hence, the adjusting operation that is executed 
immediately after changing the amount of current can be simplified as described 
above. 

[0017] There is an apparatus wherein the charger unit comes into contact 

with the latent image carrier to charge the latent image carrier. In the apparatus, 
a charge bias is changed in accordance with the charge property that changes 
due to varying thickness of the latent image carrier to stabilize the amount of 
charge in the latent image carrier, whereby fluctuation in the image quality is 
suppressed. 

Brief Description of the Drawings 

[0018] Fig. 1 is a view which shows a structure of an image forming 

apparatus according to a first embodiment of the present invention; 
[0019] Fig. 2 is a block diagram of an electric structure of the image 

forming apparatus which is shown in Fig. 1 ; 

[0020] Fig. 3 is a flow chart which shows an initial adjusting operation; 
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[0021] Fig. 4 is a diagram that shows a charger unit in the image forming 

apparatus of the first embodiment; 

[0022] Fig. 5 is a diagram which shows charge property of a 

photosensitive member; 

[0023] Fig. 6 is a flow chart which shows a first aspect on how to decide 

execution timing of an adjusting operation of the first embodiment; 
[0024] Fig. 7 is a diagram which shows a first example of the execution 

timing of the adjusting operation in the first embodiment; 

[0025] Fig. 8 is a flow chart which shows an overview of an adjusting 

operation of the developing bias; 

[0026] Fig. 9 is a flow chart which shows a second aspect on how to 

decide the execution timing of the adjusting operation of the first embodiment; 

[0027] Fig. 10 is a diagram which shows a second example of the 

execution timing of the adjusting operation in the first embodiment; 

[0028] Fig. 11 is a diagram showing a third example of the execution 

timing of the adjusting operation according to the first embodiment; 

[0029] Fig. 12 is a diagram which shows a charger unit in the image 

forming apparatus of a second embodiment; 

[0030] Fig. 13 is a diagram which shows charge property of a 

photosensitive member in the second embodiment; 

[0031] Fig. 14 is a flow chart which shows execution timing of an 
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adjusting operation according to the second embodiment; 

[0032] Fig. 15 is a diagram which shows a first example of the execution 

timing of the adjusting operation according to the second embodiment; 
[0033] Fig. 16 is a view which shows an example of adjusting a charging 

bias; 

[0034] Fig. 17 is a diagram which shows a second example of the 

execution timing of the adjusting operation according to the second 
embodiment; and 

[0035] Fig. 18 is a diagram which shows a third example of the 

execution timing of the adjusting operation according to the second 
embodiment. 



Description of Reference Characters 

[0036] 10: engine controller (controller unit) 

22: photosensitive member (latent image carrier) 

23: charger unit (charger) 

23a: charger wire (discharging electrode) 

77: vertical synchronizing sensor 

230: charger unit (charger) 

230a: surface layer (high-resistance layer) 

230b: metallic roller (electrode member) 
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EG: engine section (image forming section) 

Best Modes for Carrying Out the Invention 

<F1RST EMBODIMENTS 
[0037] Fig. 1 is a drawing which shows the structure of an image 

forming apparatus according to a first embodiment of the present invention. 
Fig. 2 is a block diagram of the electric structure of the image forming apparatus 
which is shown in Fig. 1 . The apparatus is an apparatus which overlays toner 
in four colors of yellow (Y), cyan (C), magenta (M) and black (K) one atop the 
other and accordingly forms a full-color image, or forms a monochrome image 
using only black toner (K). In the image forming apparatus, when an image 
signal is fed to a main controller 11 fi-om an external apparatus such as a host 
computer, a predetermined image forming operation is performed. That is, a 
CPU 101 provided into an engine controller 10 controls respective portions of an 
engine section EG in accordance with an instruction received from the main 
controller 11, and an image which corresponds to the image signal is formed on 
a sheet S. 

[0038] In the engine section EG, a photosensitive member 22 is disposed 

so that the photosensitive member 22 can fi-eely rotate in the arrow direction Dl 
shown in Fig. 1. Around the photosensitive member 22, a charger unit 23, a 
rotary developer unit 4 and a cleaner 25 are disposed in the rotation direction Dl. 
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A predetennined charging bias is applied upon the charger unit 23, whereby an 
outer circumferential surface of the photosensitive member 22 is charged 
uniformly to a predetermined surface potential. The cleaner 25 removes toner 
which remains adhering to the surface of the photosensitive member 22 after 
primary transfer, and collects the toner into a used toner tank which is disposed 
inside the cleaner 25. The photosensitive member 22, the charger unit 23 and 
the cleaner 25, integrated as one, form a photosensitive member cartridge 2. 
The photosensitive member cartridge 2 can be freely attached to and detached 
from a main section of the apparatus as one integrated unit. 
[0039] An exposure imit 6 emits a light beam L toward the outer 

circumferential surface of the photosensitive member 22 which is thus charged 
by the charger unit 23. The exposure unit 6 makes the light beam L expose on 
the photosensitive member 22 in accordance with an image signal fed from the 
external apparatus and forms an electrostatic latent image which corresponds to 
the image signal. 

[0040] The developer imit 4 develops thus formed electrostatic latent 

image with toner. The developer unit 4 comprises a support frame 40 which is 
disposed for free rotations about a rotation shaft which is perpendicular to the 
plane of Fig. 1, and also comprises a yellow developer 4Y, a cyan developer 4C, 
a magenta developer 4M and a black developer 4K which house toner of the 
respective colors and are formed as cartridges which are freely attachable to and 
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detachable from the support frame 40. The engine controller 10 controls the 
developer miit 4. The developer unit 4 is driven into rotations based on a 
control instruction from the engine controller 10. When the developers 4Y, 4C, 
4M and 4K are selectively positioned at a predetermined developing position 
which abuts on the photosensitive member 22 or is away a predetermined gap 
from the photosensitive member 22, toner of the color corresponding to the 
selected developer is supplied onto the surface of the photosensitive member 22 
from a developer roller 44 disposed to the selected developer which carries toner 
of this color and has been applied v\dth the predetermined developing bias. As 
a result, the electrostatic latent image on the photosensitive member 22 is 
visualized in the selected toner color. 

[0041] A toner image developed by the developer unit 4 in the manner 

above is primarily transferred onto an intermediate transfer belt 71 of a transfer 
unit 7 in a primary transfer region TRl. The transfer unit 7 comprises the 
intermediate transfer belt 71 which runs across a plurality of rollers 72 through 
75, and a driver (not shown) which drives a roller 73 into rotations to thereby 
rotate the intermediate transfer belt 71 along a predetermined rotation direction 
D2. Toner images in the respective colors on the photosensitive member 22 are 
superposed one atop the other on the intermediate transfer belt 71, thereby 
forming a color image. Further, on the sheet S unloaded from a cassette 8 one 
at a time and transported to a secondary transfer region TR2 along a 



transportation path the color image is secondarily transferred. 
[0042] At this stage, for the purpose of correctly transferring the image 

on the intermediate transfer belt 71 onto the sheet S at a predetermined position, 
the timing of feeding the sheet S into the secondary transfer region TR2 is 
managed. To be more specific, there is a gate roller 81 disposed in front of the 
secondary transfer region TR2 on the transportation path R As the gate roller 
81 rotates in synchronization to the timing of rotations of the intermediate 
transfer belt 71, the sheet S is fed into the secondary transfer region TR2 at 
predetermined timing. 

[0043] Further, the sheet S now bearing the color image is transported to 

a discharge tray 89, which is disposed to a top surface of the main section of the 
apparatus, through a fixing imit 9, a pre-discharge roller 82 and a discharge 
roller 83. Meanwhile, when images are to be formed on the both surfaces of 
the sheet S, the discharge roller 83 starts rotating in the reverse direction upon 
arrival of the rear end of the sheet S, which carries the image on its one surface 
as described above, at a reversing position PR located behind the pre-discharge 
roller 82, thereby transporting the sheet S in the arrow direction along a reverse 
transportation path FR. While the sheet S is returned back to the transportation 
path F again before arriving at the gate roller 81, the surface of the sheet S 
which abuts on the intermediate transfer belt 71 in the secondary transfer region 
TR2 and is to receive a transferred image is at this stage opposite to the surface 
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which ab^eady bears the image. In this fashion, it is possible to form images on 
the both surfaces of the sheet S. 

[0044] On the other hand, a cleaner 76, a density sensor 60 and a vertical 

synchronous sensor 77 are disposed in the vicinity of the roller 75. Of these, 
the cleaner 76 is designed to be brought into contact with the roller 75 or to be 
moved away therefrom by means of an unillustrated electromagnetic clutch. 
As moved to the roller 75, the cleaner 76 presses its blade against a surface of 
the intermediate transfer belt 71 entrained about the roller 75 thereby removing 
the toner remaining on an outside surface of the intermediate transfer belt 71 
after the secondary transfer. The vertical sjnichronous sensor 77 is a sensor for 
detecting a reference position of the intermediate transfer belt 71, thus 
functioning as a vertical synchronous sensor for providing a synchronous signal, 
or a vertical synchronous signal Vsync outputted in association with the rotating 
drive of the intermediate transfer belt 71. In the apparatus, operations of the 
individual parts thereof are controlled based on the vertical synchronous signal 
Vsync in order to establish synchronism of the operation timings of the 
individual parts as well as to superimpose the toner images of the different 
colors precisely on top of each other. Based on the signal Vsync, the CPU 101 
adds up the count. The density sensor 60 employs, for example, a reflective 
photosensor. The sensor 60 faces to the sinface of the intermediate transfer 
belt 71 so as to measure the image density of patch images which are formed 
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onto the outer circumferential surface of the belt 71. 

[0045] Further, as shown in Fig. 2, the apparatus comprises a display 12 

which is controlled by a CPU 111 of the main controller 11. The display 12 is 
formed by a liquid crystal display for instance, and shows predetermined 
messages which are indicative of operation guidance for a user, a progress in the 
image forming operation, abnormality in the apparatus, the timing of exchanging 
any one of the imits, etc. 

[0046] In Fig. 2, denoted at 113 is an image memory which is disposed 

to the main controller 11, so as to store an image which is fed from an external 
apparatus such as a host computer via an interface 112. Denoted at 106 is a 
ROM which stores a calculation program executed by the CPU 101, control data 
for control of the engine section EQ etc. Denoted at 107 is a memory (RAM) 
which temporarily stores a calculation result derived by the CPU 101, other data, 
etc. 

[0047] A reference numeral 200 represents a toner counter for 

determining toner consumption. The toner counter 200 calculates and stores a 
quantity of toner of each color consumed in conjunction with the execution of 
the image forming operation. The method of calculating the toner consumption 
is optional and any of the various known techniques may be used. For instance, 
the image signal inputted from the external apparatus may be analyzed to count 
the number of formed toner dots on a per-toner-color basis, so as to calculate the 
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toner consumption form the count value. 

[0048] The CPU 101 figures out the residual quantity of toner in each of 

the developers 4Y and such at each point of time by subtracting the per-color 
toner consumption determined by the toner counter 200 firom the initial quantity 
of toner stored in each developer. As required, the CPU causes the display 
section 12 to display a message informing the user of the per-color residual toner 
quantity or of the occurrence of toner end. 

[0049] Fig. 3 is a flow chart that describes an initial adjusting operation. 

In the apparatus that is arranged as the aforementioned, the initial adjusting 
operation, as described in Fig.3 is executed at a predetermined timing, such as 
immediately after the power of the apparatus is turned on, inmiediately after 
recovery fi'om sleep mode. Since many publicly known techniques exist with 
regard to the adjusting operation that is performed immediately after the power 
is turned on, a brief description of the overview of the operation will be 
described hereinafter. 

[0050] At first, an initialization of the entire apparatus is performed 

(Step SI). This initialization includes: an operation to position the developer 
unit 4 to a predetermined home position; and a surface cleaning operations of 
the photosensitive member 22 and the intermediate transfer belt 71. 
Subsequently, an adjustment of the direct current developing bias (Step S2) and 
an adjustment of the power of the exposure beam L (Step S3) that is radiated 
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from the exposure unit 6, are performed. This will optimize the operating 
conditions of the engine section EG. Then, a gradation adjustment process is 
performed to correct a gradation property against the given image signal (Step 
S4). 

[0051] In this embodiment, in addition to the aforementioned initial 

adjusting operation that is performed on the occasions such as immediately after 
power is tumed on, the adjustment of the development bias is performed 
whenever appropriate. In determining execution timing of the adjusting 
operation, the fact that the amount of charge onto the photosensitive member 22 
changes over time is taken into accoimt. The following will describe about the 
change in the amount of charge over time. Subsequently, the two aspects that 
determine processes of adjusting operation and its execution timing are 
explained sequentially. 

[0052] Fig. 4 shows the charger unit in the image forming apparatus of 

the first embodiment. The photosensitive member 22 comprises: a metallic 
roller 22a that is in cylinder shape and electrically grounded; and a 
photosensitive layer 22b that is mounted on the surface of the metalhc roller 22a. 
The charger unit 23 charges the photosensitive layer 22b to a predetermined 
surface potential. The charger unit 23 comprises: a charger wire 23a that is 
disposed adjacent to the photosensitive member 22; a shielded electrode 23b that 
is disposed to surround the charger wire 23a; and a power supply 23C. When a 
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predetermined voltage from the power supply 23c is applied to the charger wire 
23a, a corona discharge occurs between the charge wire 23 a and the 
photosensitive layer 22b, thereby charging the photosensitive layer 22b. 
During this charging process, the amoimt of electric current Iw, which flows 
through the charger wire 23b, is controlled by the power supply 23c. This 
electric current Iw is hereafter referred "charging current". 

[0053] Fig. 5 shows a charge property of the photosensitive member. 

Even if the amount of charging current Iw is kept a constant, the amoimt of 
charge onto the photosensitive layer 22b changes over time due to deterioration 
of the photosensitive layer 22b and contamination of the charger wire 23a, as 
indicated by Fig. 5. Generally, the photosensitive layer 22b becomes thinner 
over time due to abrasion and the toners scatters in the apparatus, and 
subsequently stick to and deposit on the charger wire 23a. Therefore, the 
amount of charge (can be expressed by the charge content per unit area or by the 
surface potential) in the photosensitive layer 22b decreases gradually. In order 
to charge the photosensitive member 22 to the predetermined surface potential, 
the charging current Iw needs to be adjusted in accordance with a degree of 
deterioration of the photosensitive layer 22, and a degree of the contamination of 
the charge wire 23a. Also, since the amount of charge onto the photosensitive 
member 22 changes when the charging current Iw is changed, it is desirable to 
readjust the operating conditions of the apparatus. 
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[0054] Next, execution timing of an adjusting operation of the 

developing bias will be descried as follows. As mentioned above, it is 
desirable to determine the execution timing of the adjusting operation by taking 
into account the timing when the charging current Iw is changed. However, if 
the amount of change in the charging current Iw is known in advance, it is 
possible to predict a magnitude of change in the image density, which occurs 
subsequentiy, to some extent. Therefore, in the adjusting operation, which is 
performed in such event, it is not always necessary to adjust all the operating 
conditions of the apparatus, unlike the case immediately after the power supply 
is turned on.. In this apparatus, with the consideration that changing the 
charging current Iw causes a change in the surface potential in the 
photosensitive member 22, only the developing bias is readjusted of all the 
operating conditions of the apparatus. In this specification, two aspects, that 
determine execution timing of a developing bias adjusting operation, will be 
descried as follows. 
(First aspect) 

[0055] Fig. 6 is a flow chart that shows the first aspect on how to decide 

the execution timing of the adjusting operation of the first embodiment. In this 
aspect, the charging current Iw is set to change based on a coimt of the vertical 
synchronizing signal Vsync, which is outputted from the vertical sjmchronizing 
sensor 77, as well as a readjustment of the developing bias. The Vsync count is 
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a value, which directly indicates a rotation count of the intermediate transfer belt 
71. However, since the charger unit 23, the photosensitive member 22 and the 
intermediate transfer belt 71 operate in synchronization with each other in the 
engine section EG, the Vsync count indirectly indicates the degree of 
deterioration of the photosensitive unit 22 and the degree of contamination of 
the charger unit 23. In fact, the Vsync count is used as information, which 
indicates remaining a service life of the photosensitive unit 22 or the charger 
unit 23. 

[0056] Particularly in this apparatus, since the photosensitive member 22 

and the charger imit 23 are mounted on the photosensitive member cartridge 2 in 
an integrated fashion, resetting of the Vsync coimt upon replacement of a new 
photosensitive cartridge will make it possible to use the Vsync count to estimate 
the degree of deterioration of the photosensitive member 2 and the charger wire 
23a. 

[0057] In this aspect, the adjusting operation is performed as follows. 

At first, the apparatus waits until the Vsync count reaches a threshold value 
(Step SlOl). Next, upon the Vsync count reaching the threshold value, a 
magnitude (absolute value) of charging current Iw is increased by one level 
(Step SI 02), then, adjusting operation of developing bias is executed (Step 
SI 03). As a result, change timing of the charging current Iw and execution 
timing of the adjusting operation will be, for example, indicated by Fig. 7. 
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[0058] Fig. 7 shows a first example of the execution timing of the 

adjusting operation in the first embodiment. As indicated by the Fig. 7, the 
Vsync count gradually increases over time upon when the image forming 
operation is repeated. Then, at a time tl when the Vsjoic coxmt reaches VI, the 
charging current Iw is changed jfrom an initial value Iwo to Iwl, which is larger 
by one level. Similarly, at times t2 and t3, when the Vsync count reaches the 
threshold value V2 and V3, charging current Iw is changed to Iw2 and Iw3, 
respectively. Further, the adjusting operations of the developing bias are 
performed sequentially at times tl, t2 and t3. 

[0059] Fig. 8 is a flow chart showing an overview of the adjusting 

operation of the developing bias. In the adjusting operation of the developing 
bias, a patch process for Black (K) is performed at first (Steps Sill - S113). 
This means, the black developer 4K is positioned opposing to the photosensitive 
member 22, at first. Then, while the developing bias is changed to multiple 
varying levels, at each different developing bias a patch image having a 
predetermined pattem is formed (Step Sill). Image density of each of the 
patch images that are formed, is detected with the density sensor 60 (Step SI 12). 
Based on the detecting result, an optimum value of the developing bias is 
calculated to ensure that the image density is consistent with a predetermined 
target density (Step SI 13). 

[0060] Next, comparison is made between the optimum value of the 
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developing bias that was newly established for the black and the value that had 
been set and used in the immediately preceding period (Step SI 14). If the 
difference between the two values, i.e. the variation in the optimum value of 
developing bias, is greater than 20V, for example, it is assumed that a deviation 
in the image density is relatively serious, therefore, developing biases for other 
toner colors should be adjusted in the same way (Steps S115-S117). This 
means that patch processes similar to the patch process that was performed for 
black color (Steps S111-S113) should be performed for each of the toner colors, 
i.e. Magenta (M), Cyan (C), and Yellow (Y), to calculate an optimum value of 
the developing bias for each color. 

[0061] On the other hand, if the variation in the optimum value of the 

developing bias is within a predetermined value, it is assumed that deviations in 
the image density is relatively small, therefore a patch process for each of the 
toner colors such as Magenta (M), Cyan (C), and Yellow (Y), can be omitted, 
instead, the offset value that corresponds to the variation in developing bias for 
the black is added to the developing bias value of each toner color and is used as 
a new optimum value. 

[0062] According to this embodiment, the charging current Iw is 

changed with respect to the Vsync count, while the readjustment of the 
developing bias is executed. This will ensure that the charging current Iw is 
adjusted appropriately in response to the changes in the charge property of the 
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photosensitive member 22, which is caused by the deterioration of the 
photosensitive member 22 and the contamination of the charger wire 23a. Also, 
variation in the image density, which occur due to changes in the charge 
property and changes in charging current Iw, can be inhibited to ensure a stable 
image forming. 

[0063] Further, it is possible to predict tendencies and degrees of over- 

time change in the charge property. Also, a degree of change in the image 
density incurred from a change in the charging current is not so significant given 
that other operating conditions of the apparatus remain unchanged. Therefore, 
for the adjusting operation in such case, operation process can be simplified 
compared with an operation which is executed when power supply is tumed on. 
This embodiment facilitates for toner saving and process time shortening by 
executing the adjusting operation only for the developing bias, and omitting the 
adjustment processes for the exposure power and the gradation. Further, even 
in the adjusting operation of the developing bias, when it is assumed that the 
developing bias only needs small amount of change, an arrangement is made to 
omit some portion of the patch process for each individual color by adding an 
each respective offset value to the developing bias value of each toner color. 
(Second aspect) 

[0064] In the second aspect, which will be described below on how to 

decide the execution timing of bias adjusting operation, in addition to the 
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adjusting operation that is executed when the Vsync count exceeds the threshold 
value, adjusting operation is executed for other reasons when necessary. For 
example, when whichever one of the photosensitive member unit 2 or the four 
developers is replaced, operating conditions of the apparatus need to be adjusted. 
Also, since usage variation of the toners in the developer may cause variation in 
image density, operating conditions need to be adjusted, according to the usage. 
[0065] Hereinafter, the description about the adjusting operation will 

continue based on the assumption that the adjusting operation is required when 
any one of the imit is replaced, or when the information that indicates a 
remaining service life of the developer reaches a predetermined value, or when 
the Vsync count reaches a predetermined threshold value. As for the 
information that indicates remaining service life of the developers, for example, 
toner usage or toner remaining amount that is calculated based on the counted 
value on the toner counter 200, or an integrated value of the rotation count of the 
developing roller 44 that is moimted on each developer, or combination of those 
can be used. 

[0066] Fig. 9 is a flow chart that shows the second aspect on how to 

decide the execution timing of the adjusting operation of the first embodiment. 
In this aspect, a process is started subsequently upon request for the adjusting 
operation (Step S201). When the adjusting operation is requested, a judgment 
is made as to whether the request is triggered by the Vsync count or not (Step 
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S202). In the event that the request for the adjusting operation is triggered by 
the Vsync coimt, that is, if the request for the adjusting operation is made 
because the Vsync count reaches the predetermined threshold value, the 
charging current Iw is increased by one level in the same way as the first aspect 
(Step S203), and an adjustment of the developing bias is performed 
subsequently (Step S204). 

[0067] On the other hand, in the event that the request for the adjusting 

operation is not triggered by the Vsync count, that is, for example, when the 
adjusting operation is requested because the information on the remaining 
service life of the developer reaches the predetermined value, the steps S205 to 
S209 are to be executed. In such event, whether the charging current is to be 
changed or not is decided (Step S205). This decision is made based on the 
Vsync coimt at that moment, for example, in the manner described hereinafter. 
[0068] If the Vsync count at that moment indicates that the time to 

change the charging current Iw is drawing near, the judgment is made that the 
charging current needs to be changed. In tiie event that the Vsync current has 
not yet reached the threshold value that indicates the time to change the charging 
current, but is expected to reach in the near future, the time to change the 
charging current Iw is assumed to come soon. For example, if the ratio of the 
Vsync count to the threshold value at that point is within a predetermined range 
(for example 80% or more and less than 100%), or the gap between the Vsync 
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count and the threshold value is less than a predetermined value (for example, 
100 counts), the Vsync count is expected to reach the threshold value in the near 
future. In that event, the charging current is to be changed at that moment 
instead of waiting for the Vsync count to reach the threshold value. 
[0069] On the other hand, if the time to change the charging current Iw 

is predicted to be far away based on the Vsync count at that moment so that the 
change is not required at that moment, the charging current will not be changed. 
Specifically, in the event that the Vsync coimt does not meet the aforementioned 
prerequisite to the charging current change, the charging current will not be 
changed. 

[0070] Then, if the change in the charging current is needed, the 

charging current Iw is to be increased by one level (Step S206), then, in the 
same way as the aforementioned initial adjusting operation, the adjustment of 
the developing bias (Step S207), the adjustment of the exposure power (Step 
S208), and the gradation adjustment process (Step S209) will be sequentially 
performed. In this case, the reason why not only the developing bias but also 
the other parameters are adjusted is: With regard to density fluctuations caused 
by the reasons other than the change of the charging current and the replacement 
of the units, it is in some cases difficult to predict tendency and degrees of the 
fluctuations. Likewise, in the adjusting operation, not triggered by the Vsync 
coimt, it is desirable to optimize the operating conditions by readjusting the 
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parameters, which have potential to influence the image quality. Once the 
adjustment of the operating conditions is completed in this way, return to the 
step S201, and wait imtil the next adjusting operation is requested. 
[0071] Fig. 10 is a diagram that shows a second example of the 

execution timing of the adjusting operation in the first embodiment. The 
assumption herein is that the adjusting operation is executed when the remaining 
service life of any one of the developers reaches 50% level. As indicated by 
Fig. 10, as the developers are used, their remaining life decrease gradually from 
100% at a brand new stage, to 0%, which indicates timing of exchanging any 
one of the developers. On the other hand, the Vsync count increases with 
usage. Then, at the times t4 and t5 when its value reaches the threshold value 
VI and V2, the adjusting operation is requested at each respective time. 
[0072] Therefore, at the times t4 and t5, the adjusting operations 

triggered by the Vsync count are executed. Then, it is the time t6 when the 
remaining service life of the developer reaches 50% that the next adjusting 
operation is requested. In this event, since the adjusting operation is not 
triggered by the Vsync count, the Vsync count at that moment is compared with 
the next threshold value V3, As a result, if the difference A V between the 
Vsync count and the threshold value V3 is below a predetermined value, the 
charging current Iw is changed at that moment ahead of schedule instead of at 
time t7 when the change is normally scheduled for and operating conditions are 
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adjusted subsequently. In Fig. 10, the time t7 is in parenthesis to indicate that 
the adjusting operation is not executed at the time t7. The reason why is as 
follow. 

[0073] If the adjusting operation associated with the remaining service 

life of the developers and the adjusting operation triggered by the Vsync count 
are conducted independently from each other, the following disadvantages occur. 
As indicated by Fig. 10, if the time difference is not so great between the time t6 
when the remaining service life of the developers reaches 50% and the time t7 
when the Vsync count reaches the threshold value V3, the adjusting operation is 
performed firstly at time t6, then, the adjusting operation is performed again at 
the time t7. Repeating the adjusting operation numerous times in short time 
does not only deliver any benefit, but also possibly causes negative effects such 
as wasting of toners and decrease in image forming throughput. However, it is 
not desirable to omit neither the adjusting operation (at the time t6) associated 
with remaining service life of the developers nor the adjusting operation (at the 
time t7) triggered by the Vsync count. 

[0074] Herein, as described above, during the adjusting operation (at the 

time t6) associated with the remaining service life of the developers, by 
confirming whether the time to change the charging current drawing near or not, 
and if so by changing the charging current ahead of schedule, it becomes 
possible to combine the adjusting operations stemming from two causes. In 
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Other words, performing the adjusting operation upon changing the charging 
current Iw ahead of schedule at the time t6 when the remaining service life of 
the developers reaches 50%, omits the need for the adjusting operation at the 
time t7. This will prevent the adjusting operations from being performed 
numerously in short time. Further, if the estimate from the Vsync count at the 
time t6 indicates that there still is quite some time before the time to change the 
charging current, that is, in the event that the difference between the Vsync 
coimt and the threshold value V3 is greater than a predetermined value, it is not 
appropriate to change the charging current at that moment. The reason is 
because excessive increase in the charging current may cause the problems such 
as shortening the service life of the charger wires, increasing amount of ozone 
generated by charging, etc. In this event, it is desirable to execute the adjusting 
operation without changing the charging current at the time t6, then, change the 
charging current at the time t7 and subsequently execute the adjusting operation. 
[0075] Fig. 11 is a diagram showing a third example of the execution 

timing of the adjusting operation according to the first embodiment. This 
figure describes the case in the second aspect (Fig. 9) of this invention, when the 
request for the adjusting operation is triggered by the replacement of the 
developer. The assmnption is that after the charging current Iw is changed at 
time t8 upon the Vsync count reaching the threshold value VI, one of the four 
developers is replaced at time t9. In this case, the adjusting operation is 
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necessary since one of the developers is replaced. However, since A V2, the 
difference between the Vs3aic count and the threshold value V2 is great at this 
point, it is not necessary to change the charging current at this moment. 
Therefore, at the time t9, the adjusting operation is executed without changing 
the charging current. Then, at time tlO, when the Vsync count reaches the 
threshold value V2, both the charging current change and the adjusting operation 
will be conducted simultaneously. 

[0076] Subsequently, another developer is supposedly replaced at time 

til. Here, if AV3, the difference between the Vsync count and the next 
threshold value V3 is below a predetermined value, the charging current that 
should otherwise be changed at time tl2 when the Vsync coimt reaches the 
threshold value V3, is changed at this moment together with the execution of the 
adjusting operation. This will make it possible to omit the adjusting operation 
that should otherwise be conducted at the time tl2. Also, since this ensures 
that the adjusting operation is executed whenever a developer is replaced and 
whenever the charging current is changed, variation of image quality can be 
inhibited, thereby ensuring stability in image forming. 

[0077] As aforementioned, according to the first embodiment of the 

image forming apparatus related to the present invention, taking advantage of 
the fact that the value of the vertical synchronizing signal Vsync is indicative of 
variation in charge property of the photosensitive member 22, the operating 
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conditions of the apparatus when the count value reaches the predetermined 
threshold value, the count value being generated in synchronization with the 
rotation of the intermediate transfer belt 71, the change in the charge property 
occurring due to deterioration of the photosensitive member 22 and 
contamination of the charger unit 23. This will ensure that the operating 
conditions of the apparatus is readjusted at appropriate timings, thereby ensuring 
the image forming at stable image quality, regardless of the change in the charge 
property. Further, considering that the amount of charge onto the 
photosensitive member 22 decreases over time due to deterioration in the 
photosensitive member 22 and the charger wire 23 a, the charging current Iw is 
increased stepwise in accordance with the increase in the Vsync count. Since 
this also entails change in the amount of charge onto the photosensitive member 
22, the adjusting operation is executed to ensure stability in image quality. 
[0078] Further, since the amount of charge gradually increases according 

to the needs, there is no need to feed large amount of charge from the beginning. 
As a result, this embodiment makes it possible to minimize the amount of ozone 
generated by the electric discharge while maintaining good image quality. 
[0079] Further, the adjusting operation can be executed, for example 

inmiediately after the power supply is turned on or when a unit is replaced, other 
than the one triggered by the Vsync count. Although it is difficult to predict 
the condition of the apparatus immediately after the power is tumed on, etc., it is 
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possible to predict the tendency of how the charge property of the photosensitive 
member 22 changes over time. Therefore, based on the prediction, the 
processes of the adjusting operation triggered by the Vsync count can be more 
simpUfied than the adjusting operations triggered by other reasons. This will 
contribute to minimize toner consumption and shorten process time. 
[0080] Further, when executing the adjusting operation, not triggered by 

the Vsync count, and when the Vsync coimt at that time suggest that there soon 
will be the time to change the charging current, executing the change ahead of 
schedule and executing the adjusting operation subsequently will make it 
possible to omit unnecessary adjusting operation. 

[0081] As described above, according to this embodiment, the 

photosensitive member 22 and the charger unit 23 function as the "latent image 
carrier" and the "charger xmit" of the present invention, respectively. Further, 
the charger wire 23a mounted on the charger unit 23 corresponds to the 
"discharging electrode" of the present invention. Further, the engine section 
EG that comprises these imits functions as an "image forming section" of the 
present invention. Further, the engine controller 10 fimctions as a "controller 
unit" of the present invention. Moreover, in this embodiment, the Vsync count, 
which is an integrated value of the rotation count of the intermediate transfer 
belt 71, corresponds to "timing information" of the present invention. 
<SECOND EMBODIMENT> 
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[0082] Next, a second embodiment of the image forming apparatus of 

the present invention will be descried. The greatest difference between the 
image forming apparatus in the first embodiment, which was described above, 
and an image forming apparatus in the second embodiment, which is to be 
described hereafter, lies with a structure of a charger unit. While the apparatus 
according to the first embodiment as indicated by Fig. 4 uses non-contact 
method to charge the photosensitive unit 22 to a predetermined surface potential 
with the corona charging device 23, the second embodiment as indicated by Fig. 
12 uses contact charger method to charge the photosensitive member 22. 
Further, since the structure and the basic operations of the other parts of the 
apparatus are identical to those described in the first embodiment, the same 
structures will be simply denoted at the same or corresponding reference 
symbols but will not be described. 

[0083] Fig. 12 is a diagram that shows the charger unit in the image 

forming apparatus of the second embodiment. The charger imit 230 in the 
second embodiment comprises: a charging roller consisting of a metallic roller 
230b and a surface layer 230a that covers the surface of roller 230b; and a power 
supply 230c which applies a predetermined direct current bias Va to the metallic 
roller 230b. The charging roller comes into contact with the surface of the 
photosensitive member 22. 

[0084] The surface layer 230a, covering the metalhc roller 230b is made 



35 



of the materials with adequate elasticity and resistivity greater than the roller 
230b. For example, these materials, which is formed by adding conductive 
additive such as carbon black particles and powder of metal oxide to the elastic 
resin materials such as polyurethane rubber, silicon rubber, etc., can be used. 
Also, a surface treating layer or a coating layer can be added to a surface of the 
surface layer 230a, for the purpose of improving abrasion resistance and 
uncontamination for the photosensitive members. 

[0085] In the charger unit 230 having the aforementioned structure, 

when a predetermined charging bias Va set by CPUlOl is delivered from the 
power supply 230c to the metallic roller 230b,its voltage is applied to the 
photosensitive member 22 through the surface layer 230a, thereby charging the 
photosensitive layer 22b to a predetermined surface potential. The relationship 
between the charging bias Va and the amount of charge onto the photosensitive 
layer 22b varies as the thickness of the photosensitive layer 22b changes due to 
abrasion, as described hereinafter. 

[0086] Fig. 13 is a diagram showing charge properties of the 

photosensitive member in the second embodiment. As indicated by the 
embodiment, in the image forming apparatus of the contact charging system 
with a direct current charging bias, the observation has been made that the 
amoimt of charge increases as the photosensitive layer 22b becomes thinner. 
To be more in detail, when a film thickness of the photosensitive layer 22b 
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decreases with the progression of wear, as the amount of decrease in the film 
thickness (hereinafter referred "film thinning amomit") increases, the amount of 
charge onto the photosensitive member increases imder the condition that the 
equal amoimt of charge bias is applied. If contamination and property 
deterioration in the photosensitive member 22 and the charging roller don't exist, 
as indicated by the dotted line in Fig. 13, the amount of charge increases as the 
film thinning amount in the photosensitive layer 22b increases. However, in 
the actual apparatus, since contamination and property deterioration occurs to 
the photosensitive member and charging roller, thereby contributing to the 
decrease in charge property, as described by the solid line in Fig. 13, the increase 
in the amount of charge tends to saturate. 

[0087] As indicated above, the amount of charge onto the photosensitive 

member changes due to the film thinning caused by the abrasion of the 
photosensitive layer 22b. Therefore, in order to keep the surface potential of 
the photosensitive member constant during the image forming operation, it is 
necessary to change the charging bias Va according to the film thinning amount. 
Therefore, in this embodiment, the rotation of the photosensitive member 22 is 
counted up, and the charging bias Va is controlled to gradually reduce the value 
of charging bias Va as the counted value (hereinafter, referred "OPC coimt") 
increases. 

[0088] According to this embodiment, while the OPC count is used as an 
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indirect indicator of the film thinning amount in the photosensitive layer 22b, 
the charging bias Va is changed in order to adjust the amoimt of charge onto the 
photosensitive member 22. With regard to this point, the second embodiment 
uses the Vsync count as an indicator of contamination of the photosensitive 
members and the charger wires, thus different from the first embodiment which 
changes the charging current Iw for the purpose of adjusting the amount of 
charge onto the photosensitive member 22, nonetheless, the specific aspect of 
the charge adjustment is basically similar to that of the first embodiment. In 
other words, according to the second embodiment, the charge adjustment is 
achievable by replacing the Vsync count in the first embodiment with the OPC 
coimt, and by replacing the charging current Iw with the charging bias Va as a 
controlling target. 

[0089] Fig. 14 is a flow chart which shows the execution timing of the 

adjusting operation according to the second embodiment. According to this 
embodiment, the adjusting operation is executed as follows. At first, waiting is 
executed until the OPC count which indicate the rotation count of the 
photosensitive member 22 reaches a predetermined threshold value (Step S301). 
Once the OPC count reaches the threshold value, the amount (absolute value) of 
charge bias Va is decreased by one level (Step S3 02), then, the adjusting 
operation of the developing bias is executed (Step S303). The adjusting 
operation of the developing bias can be same as the operation in the first 
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embodiment (Fig. 8). As a result, the time to change the charging bias Va and 
the execution timing of the adjusting operation will look like those indicated by 
Fig. 15, for example. 

[0090] Fig. 15 is a diagram which shows a first example of the execution 

timing of the adjusting operation according to the second embodiment. As 
indicated by the Fig. 15, repeated image forming operations causes the OPC 
count to increases gradually over time. Then, at a time t21 when the count 
value reaches CI, the charging bias Va is changed from an initial value VaO to 
one level smaller Val. Similarly, at times t22 and t23 when the OPC coimt 
reaches the threshold value C2 and C3 the charge bias is changed to Va2 and 
Va3, respectively Further, at these times t21, t22 and t23, the adjusting 
operations of the developing bias are executed concurrently. 
[0091] Fig. 16 is a view that shows an example of adjusting the charging 

bias. In this image forming apparatus, the study of the relationship between the 
rotation count of the photosensitive member 22 and the film thinning amount 
has been revealed that every OPC count increase of 40,000 causes the thickness 
of photosensitive layer 22b to decrease by approximately 1 /z m. Also, the 
study of the relationship between the thickness of the photosensitive layer 22b 
and the amount of charge has been revealed that lowering the charging bias Va 
by lOV at every film thickness decrease in the photosensitive layer of 1 /i m will 
make it possible to keep the surface potential onto the photosensitive member 22 
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almost constant. Therefore, this embodiment has arranged to reduce the 
charging bias Va by 10 V at every OPC count increase of 40,000. In Fig. 16, a 
column "bias adjustment value" represents the amount of change in the charging 
bias Va from the initial value VaO at each point. In other words, for example, 
the preset value Val and Va2 at the time t21 and t22 in Fig. 15 are indicated by 
the following formula: 

|Val| = |VaO|-10 (V) 

lVa2| = |VaO|-20 (V) 
[0092] In the second embodiment, similar to the aforementioned first 

embodiment, the execution timing of the adjusting operation can be varied 
whenever appropriate, according to the remaining service life of the 
photosensitive unit 2 and the four developers and replacement status. Here, in 
addition to the timing that is determined by the aforementioned OPC count, the 
cases such as when the information that indicate the remaining service life of the 
developers reach a predetermined value, or when the adjusting operation is 
executed upon replacement of one of the units are considered. The basic 
operation is same as the aforementioned first embodiment (Fig. 9). However, 
instead of the Vsync count, the OPC coimt is used, and instead of the 
electrification count Iw, the charging bias Va is used for the controlling target. 
10093] Fig. 17 indicates a second example of the execution timing of the 

adjusting operation in the second embodiment. When the OPC count reaches a 
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predetermined value (at times t24, t25), the change of the charging bias Va and 
the adjusting operation are executed. On the other hand, when the execution 
timing of the adjusting operation which is triggered by the life of a developer 
arrives (at a time t26), if A C, the difference between the OPC coimt and the 
next threshold value C3 is below a predetermined value, in addition to the 
adjusting operation, the change of the charging bias Va that is suppose to be 
executed at a time t27 is executed at this point ahead of schedule, thereby 
eliminating the change in the charging bias and the adjusting operation at the 
time t27. 

[0094] Fig. 18 is a diagram that indicates a third example of the 

execution timing of the adjusting operation according to the second embodiment. 
The assumption herein is; at a time t28 when the OPC count reaches the 
threshold value CI and a preset value of the charging bias Va is changed form 
Vao to Val, and subsequently at a time t29, one of the four developers is 
replaced. In this case since the developer was replaced, the adjusting operation 
is mandatory. However, since AC2, a gap between the OPC value and the 
threshold value C2, is great, the charging bias does not need to be changed at 
this point. Therefore, at the time t29, the adjusting operation is executed 
without changing the charging bias. Then, at a time t30 when the OPC count 
reaches the threshold value C2, the charging bias is changed and the adjusting 
operation is performed concurrently. 
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[0095] Further, another developer is assumed to be replaced at a time t3 1 . 

At this point, if the A C3, the gap between the OPC count and the next 
threshold value Cw, is greater than a predetermined value, same as the time t28, 
the adjusting operation is executed without changing a charging bias. On the 
other hand, if the gap A C3 is within the predetermined value, the charging bias 
that should otherwise be changed at a time t32 when the OPC count is supposed 
to reach the threshold value C3 is changed at this moment together with the 
adjusting operation. This will make it possible to omit the adjusting operation 
at the time t32. Further, since the adjusting operation is executed when the 
developer is replaced and when the charge bias is changed, fluctuation in image 
quality is inhibited to ensure a stable image forming. 

[0096] As aforementioned, the second embodiment of the image forming 

apparatus related to the present invention is an apparatus that charges the 
photosensitive member 22 to a predetermined surface potential through a contact 
charging system. This apparatus, in order to inhibit the fluctuation in the 
surface potential that is caused by an increase in the amount of charge that 
occurs with film thinning of the photosensitive layer 22b, decreases the charging 
bias Va as the rotation count of the photosensitive member increases. Further, 
when the charging bias Va is changed, the developing bias is also adjusted. In 
doing so, this embodiment, regardless of the film thinning of the photosensitive 
member, same as the apparatus in the first embodiment, can form images with 
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Stable image quality. 

[0097] This invention is not limited to forgoing embodiment and various 

changes and modifications other than the above may be made thereto so long as 
such changes and modification do not deviate firom the scope of the invention. 
For example, as "timing information", which indicates the change in the charge 
property of the photosensitive member 22, the forgoing first embodiment uses 
the Vsync count that indirectly indicates the degree of contamination and 
deterioration of the photosensitive member 22 and the charger wire, and the 
second embodiment uses the OPC count that indirectly indicates the film 
thinning amount in the photosensitive layer 22b. However, not limited to these, 
other information can be used as the timing information. For example, in the 
first embodiment, the OPC count can be used as the timing information, whereas, 
in the second embodiment, the V sync count can be used as the timing 
information. Further, in the first embodiment, tiie information with regard to 
the charger unit 23, for example, such as an integration value of the charging 
current can be used as the timing information. 

[0098] Each of the embodiments described above executes one adjusting 

operation so that the operating conditions of all the toner colors be adjusted, 
however it is also possible to execute the adjusting operation with respect to the 
toner colors on need basis. In other words, upon replacement of one of the 
developers or upon the information on remaining service life reaching a 
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predetermined value, the adjusting operation may be performed only on the 
affected toners. Further, at that moment, it is also possible to confirm the usage 
of the other developers, decide whether the adjusting operation should be 
performed or not for each of the toner colors based on the usage and perform the 
adjusting operation only for those toner colors in need. However, since 
variation in charge property of the photosensitive member 22 and change in the 
charging bias affect all the toner colors, it is desirable for the adjusting operation 
triggered by these causes be performed on all the toner colors. 
[0099] Further, in the developing bias adjusting operation (Fig. 8) 

according to the embodiment described above, when the amount of change in 
the optimum developing bias for a black color is within a predetermined value, 
patch processes for other colors are omitted. In this case, the "predetermined 
value", upon which decision is made as to whether patch process for the other 
colors should be conducted or not, can be changed according to the situation 
when appropriate. For example, when the usage variations among the 
developers are relatively small (for example, all the developers are relatively 
new, etc.), the aforementioned "predetermined value" can be made relatively 
small, whereas, when the variation is big (when old developers and new 
developers coexist, etc.), as property variation among the developers is 
estimated at large, it is desirable to set the said "predetermined value" relatively 
large. Further, based on the thought that variation in charge property grows 
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bigger as the photosensitive unit 2 grows older, it is also possible to set the 
"predetermined value" greater as the Vsync count becomes greater. 
[0100] Further, while each of the embodiments described above applies 

the present invention to the apparatus that forms image by using four colors of 
toners, i.e., yellow, magenta, cyan and black, the types and the mmiber of toner 
colors are not limited to those that are described above but arbitrary. 

Industrial Applicability 

[0101] The present invention may be applied to: an image forming 

apparatus of rotary developing system, like the embodiments described above; 
and an image forming apparatus of so-called tandem system where developers 
corresponding to the individual toner colors are arranged in a line along the 
sheet transport direction, that is, the present invention can be applied to all 
image forming apparatus of electrophotographic system wherein an electrostatic 
latent image is formed by charging the surface of a latent image carrier to 
visualize the electrostatic latent image with a toner. 



